PDE4 inhibitor, roflumilast protects cardiomyocytes against NO-induced apoptosis via activation of PKA and Epac dual pathways.
Myocyte apoptosis plays an important role in myocardial infarction and cAMP is crucial in the regulation of myocyte apoptosis. Phosphodiesterase-4 (PDE4) inhibitor blocks the hydrolysis of cAMP via inhibition of PDE4 and is attractive candidate for novel anti-inflammatory drugs. However, its function in cardiovascular diseases and cardiomyocyte apoptosis is unclear. Therefore, we investigated whether roflumilast, a PDE4 inhibitor, exerts protective effect against NO-induced apoptosis in both of H9c2 cells and neonatal rat cardiomyocytes (NRCMs), focusing on cAMP downstream molecules such as protein kinase A (PKA) and exchange protein directly activated by cAMP (Epac). According to our data, intracellular cAMP was increased by roflumilast treatment in H9c2 cells and NRCMs. Roflumilast inhibited SNP-induced apoptosis and this effect was reversed by PKA specific inhibitor H-89 and KT-5720. In addition, PKA specific activator N(6)-benzoyladenosine 3',5-cyclic monophosphate (N(6)Bz-cAMP) mimicked the effects of roflumilast. CREB phosphorylation by roflumilast was also inhibited by H-89, indicating that roflumilast protects SNP-induced apoptosis via PKA-dependent pathway. Roflumilast increased Epac1/GTP-Rap1 and the protective effect was abolished by Epac1 siRNA transfection, demonstrating that Epac signaling was also involved in this protective response. In support, Epac specific activator 8-(4-chlrorophenylthio)-2'-O-methyladenosine-3',5'-cyclic monophosphate (8CPT-2Me-cAMP) protected SNP-induced apoptosis. PI3K/Akt inhibitor LY294002 blocked roflumilast-induced Akt phosphorylation and protective effect. Furthermore, inhibition of Epac1 with siRNA had no effect on roflumilast-induced CREB phosphorylation, whereas inhibited Akt phosphorylation, implicating that Akt phosphorylation was regulated by Epac pathway. In addition, it was also observed that rolipram and cilomilast exert similar effects as roflumilast. In summary, our data indicate that roflumilast protects NO-induced apoptosis via both cAMP-PKA/CREB and Epac/Akt-dependent pathway. Our study suggests a possibility of PDE4 inhibitor roflumilast as a potential therapeutic agent against myocardial ischemia/reperfusion (I/R) injury.